Painful diabetic neuropathy (PDN) is a common, yet devastating complication of type 2 diabetes. At this time, there is no objective test for diagnosing PDN. In the current study, we measured the peptidergic intraepidermal nerve fiber densities (IENFD) from hind paws of the db/db mouse, an animal model for type 2 diabetes, during the period of mechanical allodynia from 6 to 12 weeks of age. Intraepidermal nerve fibers (IENF) of the hind footpads were identified by protein gene product (PGP) 9.5 immunohistochemistry. The peptidergic IENF were determined by double immunofluorescence using anti-PGP9.5 and antibodies against tropomyosin-receptor-kinase (Trk) A. We observed a significant increase in PGP9.5-positive IENFD at 8 and 10 weeks of age. Similarly, Trk A-positive peptidergic IENF, which also express substance P and calcitonin gene related peptide in db/db mice, were observed to be elevated from 1.5 to 2 fold over controls. This upregulation ended at 16 weeks of age, in accordance with the reduction of mechanical allodynia. Anti-NGF treatment significantly inhibited the upregulation of peptidergic IENFD during the period of mechanical allodynia, suggesting that increased neurotrophism may mediate this phenomenon. In addition, SB203580, an inhibitor of p38, blocked the increase in peptidergic IENFD in db/db mice. The current results suggest that peptidergic IENFD could be a potential diagnostic indicator for PDN in type 2 diabetes. Furthermore, the inhibition of NGF-p38 signaling could be a potential therapeutic strategy for treating this painful condition.
Introduction
Diabetes mellitus affects over 20 million Americans. About 60% of patients diagnosed with diabetes develop diabetic neuropathy (DN). Painful diabetic neuropathy (PDN) is an early manifestation of DN, which frequently presents in the pre-diabetic states of impaired fasting glucose (IFG) or impaired glucose tolerance (IGT) (Boulton et al., 2005; Feldman et al., 2005; Ziegler et al., 2009 ). This devastating complication can be found in 40% to 50% of patients with diabetes that have documented neuropathies (Galer et al., 2000) . Regrettably, the quality of life for diabetic patients with PDN is significantly diminished (Dworkin et al., 2005 (Dworkin et al., , 2007 Jensen et al., 2006) .
Patients with PDN experience mechanical allodynia and thermal hyperalgesia, which are frequently described as continuously burning, tingling, electric-like, crampy, or achy pain. Allodynia occurs when normally non-painful stimuli become painful, whereas hyperalgesia is an increase in sensitivity to normally painful stimuli. PDN begins in the feet and progresses proximally over time. Symptoms of neuropathic pain are generated by small-calibered Aδ and C fibers that innervate the skin.
At present, there is no available diagnostic tool to objectively determine the severity of PDN. Clinicians must rely on subjective reports from patients concerning their personal experiences of pain, which are frequently influenced by their psychosocial conditions and potential secondary gain from illness. As a result, such measures often lack credibility. In order to objectively test for DN, nerve conduction study and skin biopsy are most commonly used. Unfortunately, nerve conduction study is not a reliable method to diagnose PDN due to its inability to detect small fiber pathology. Skin biopsy can detect small fiber pathology, and thus has been widely used to determine intraepidermal nerve fiber density (IENFD) in DN (Catalan et al., 2007) , in addition to the diagnosis of other small-fiber neuropathies. However, its value for determining or predicting the development of PDN is still under debate (Sorensen et al., 2006a,b) .
The current method of IENFD measurement uses protein gene product (PGP) 9.5 to identify all IENF in the skin (Johnson et al., 2008; Sullivan et al., 2007; Zandecki et al., 2008) . Furthermore, PGP9.5 IENFD is considered a standard method to determine small fiber sensory neuropathies including DN (Lauria et al., 2005) . Many published animal 
